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Abstract
The link between energy use, social and environmental well-being is at the root of critical synergies
between clean and affordable energy (SDG7) and other Sustainable Development Goals (SDGs).
Household-level quantitative energy analyses enable better understanding regarding
interconnections between the level and composition of energy use, and SDG achievement. This
study examines the household-level energy footprints in Nepal, Vietnam, and Zambia. We
calculate the footprints using multi-regional input–output with energy extensions based on
International Energy Agency data. We propose an original perspective on the links between
household final energy use and well-being, measured through access to safe water, health,
education, sustenance, and modern fuels. In all three countries, households with high well-being
show much lower housing energy use, due to a transition from inefficient biomass-based
traditional fuels to efficient modern fuels, such as gas and electricity. We find that households
achieving well-being have 60%–80% lower energy footprint of residential fuel use compared to
average across the countries. We observe that collective provisioning systems in form of access to
health centers, public transport, markets, and garbage disposal and characteristics linked to having
solid shelter, access to sanitation, and minimum floor area are more important for the attainment
of well-being than changes in income or total energy consumption. This is an important finding,
contradicting the narrative that basic well-being outcomes require increased income and
individual consumption of energy. Substantial synergies exist between the achievement of
well-being at a low level of energy use and other SDGs linked to poverty reduction (encompassed
in SDG1), health (SDG3), sanitation (SDG6), gender equality (SDG5), climate action and reduced
deforestation (SDG 13 and SDG15) and inequalities (SDG10).
1. Introduction
Considering the urgency of climate change mitiga-
tion, growing inequalities, loss of biodiversity, and
environmental pollution, there is a need for fast and
sustainable pathways to improve livelihoods of mil-
lions of people (Kriegler et al 2012, Fuso Nerini
et al 2018, Eisenmenger et al 2020). The Sustain-
able Development Goals (SDGs) offer a set of tar-
gets to guide the implementation of such pathways
(UnitedNations 2015). Due to themultidimensional-
ity and wide scope of SDGs, more research is needed
to understand the interconnections, trade-offs, and
co-benefits of SDG targets at country level (Fuso Ner-
ini et al 2018, Mainali et al 2018, Moyer and Bohl
2019, Eisenmenger et al 2020). Existing research has
identified more synergies than trade-offs between the
SDGs, especially with regard to SDG7 ‘affordable and
clean energy’ (Fuso Nerini et al 2018). Yet, more
research is needed on these synergies at national and
local levels.
We suggest that two inter-related questions are
central to the interactions between clean energy and
other SDGs. First, if energy is used for fostering well-
being, what do we mean by living well? Second, how
much energy is required to endmultiple deprivations?
© 2021 The Author(s). Published by IOP Publishing Ltd
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To date, research into energy and development
has highlighted that quantity and access to energy
are insufficient metrics to capture multidimensional-
ity of energy poverty (Kaygusuz 2011, 2012, Pachauri
and Spreng 2011, Nussbaumer et al 2012, Roy 2012,
Pachauri et al 2013). In addition, research has indic-
ated that replacing biomass-based fuels (e.g. firewood
or charcoal) with ‘modern’ fuels such as gas, electri-
city or biofuels is associatedwith improvedwell-being
(Oparaocha and Dutta 2011, Prasad 2011, Karekezi
et al 2012, Rahut et al 2014, Rao and Pachauri 2017,
Crentsil et al 2019). The energy source is also particu-
larly important for equal participation of women and
children in improved living, including education and
income-earning opportunities (Pachauri et al 2004,
Kaygusuz 2011, Sovacool 2012, Rao and Pachauri
2017). Furthermore, there is a strong association
between burning inefficient traditional fuels and res-
piratory infections, which disproportionally affect
women and children (Smith et al 2004, 2014, Man-
nucci and Franchini 2017, Balmes 2019). Burning tra-
ditional fuels also produces black carbon emissions,
which exacerbate global warming (Ramanathan and
Carmichael 2008).
A few studies shed light on the distributional
aspects of energy use and well-being. In particular,
there is a gap in research on the relationship between
final energy use and multiple deprivations (or need-
satisfaction) at the household level. There is also a
need to better understand how the level and composi-
tion of energy use changes with the social and physical
infrastructure available to households.
Most studies of household energy footprints have
focused on the Global North (Reinders et al 2003,
Lenzen et al 2004, Bin and Dowlatabadi 2005, Cohen
et al 2005, Büchs and Schnepf 2013). They have
mostly consisted of analyses of energy consumption
and its variation across socio-economic characterist-
ics such as income, expenditure, household structure
and regional setting (Herendeen and Tanaka 1976,
Herendeen 1978, Lenzen et al 2006, Weber and Mat-
thews 2008, Räty and Carlsson-Kanyama 2010, Büchs
and Schnepf 2013, Ala-Mantila et al 2014). Only a few
conceptual studies examine the links between energy
and well-being (Pachauri and Spreng 2002, Nuss-
baumer et al 2012, Day et al 2016). But recently Rao
estimated the links between national energy use and
decent living standards (Rao and Pachauri 2017, Rao
et al 2019a). To our knowledge, nobody has conduc-
ted this kind of analysis at a household level in devel-
oping countries. In addition, too few studies have
examined the association between energy footprints
and achievement of SDGs.
We seek to contribute to filling this gap by
examining household energy footprints in Nepal,
Vietnam, and Zambia. The sample of three coun-
tries covers different levels of development and access
to modern energy in varying geopolitical contexts.
In Nepal and Zambia, the majority of households
rely on biomass for energy needs due to lack of
access to modern fuels, while Vietnam offers bet-
ter access to modern energy particularly in urban
areas. Vietnam has higher Human Development
Index of 0.66 compared to 0.53 and 0.54 for Nepal
and Zambia (in 2011, the year of our study) and
its GDP per capita is significantly larger that of
Zambia and Nepal (4500$ compared to 2000$ and
3300$ in Nepal and Zambia in 2011 (World Bank
2011)).
We examine the composition and inequalities
related to household energy footprints and associ-
ations between energy use andwell-being.We explore
‘basic well-being’ defined as the achievement of access
to clean water and food, education, and access to
alternative modern fuels. We use the terms ‘improved
well-being’ and ‘decent living standards’ when refer-
ring to other well-being outcomes not included in
the analysis. These standards relate to improved liv-
ing seen via the SDGs lens. A third and distinct
concept is that of ‘improved standards of living’,
which is understood to mean increased ownership
of consumer goods. We further discuss interactions




We calculate household energy footprints using a
method described in detail in our previous study
by Baltruszewicz et al focusing on the case of Zam-
bia (2020). Below we outline changes to that energy
model and data used in this article.
To calculate energy footprints, we created an
energy model built on consumption-based account-
ing usingmulti-regional input–output (MRIO) tables
with a final energy extension using International
Energy Agency (IEA) data (figure 1). The Global
Trade Analysis Project (GTAP) version 9 (see Peters
et al (2011) formethodology) with 2011 as a reference
year is the basis of our MRIO model. To disaggreg-
ate household final demand in GTAP, we obtained
household expenditure from nationally representat-
ive household surveys (figure 1). For Zambia, this
was Living Conditions Survey of 2015 (Central Stat-
istical Office (Zambia) and World Bank 2015) and
for Nepal and Vietnam, household Living Standard
Surveys conducted between 2010 and 2011 (General
StatisticsOffice 2010,National PlanningCommission
Secretariat 2011).
2.2. Energy footprint dictionary
We focus on final energy consumption, as opposed to
primary energy or greenhouse gas emissions, because
of its significance to well-being in developing coun-
tries (Kaygusuz 2012, Fuso Nerini et al 2018) and
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Figure 1. Framework for estimating household energy footprints and energy requirements of well-being outcomes. The final stage
of the analysis in yellow. Below the ‘household Living Conditions Surveys’ box survey sample size and share of rural households in
each country.
because we conceptualize energy use as a key for
need-satisfaction (Rao and Baer 2012, Day et al 2016,
Brand-Correa and Steinberger 2017). We distinguish
between direct and indirect energy use (figure 2).
Indirect energy use includes energy embodied in
goods and services such as appliances, restaurants
meals and food. Direct energy use refers to the
use of residential and vehicle fuels such as cook-
ing fuels and petrol and electricity used by house-
holds. These fuels have an indirect component due
to the energy embedded in the supply chain, for
example, energy used in coal mining to produce
electricity.
We further differentiate between traditional,
transitional and modern fuels. Traditional fuels
include inefficient, biomass-based sources of energy
such as firewood, charcoal, or dung while trans-
itional fuels include kerosene and diesel for home
usage (mostly for generators), which have improved
efficiency, yet adverse effects on health (Lam et al
2012). Modern fuels include energy-efficient and
non-biomass-based fuels such as gas and electricity.
The rationale for the distinction is the environmental
(e.g. deforestation) and health (e.g. indoor pollution)
damage caused by traditional and transitional fuels
(Riahi et al 2012). Grieshop et al also suggest that
fossil fuels such as liquefied petroleum gas (LPG) for
cooking may be the best option for both health and
climate change (2011).
2.3. Well-being outcomes
We also investigated the association between energy
use and achievement of well-being outcomes whilst
controlling for household socio-economic charac-
teristics. We build on the theory of human needs
like in our previous study (supplementary mater-
ials (available online at stacks.iop.org/ERL/16/
025011/mmedia)) to choose variables for analysis
(Doyal and Gough 1991). We reviewed variables
available from all three countries and chose four to
represent the most basic well-being outcomes: (a)
access to modern cooking fuels; (b) access to clean
water close to home; (c) basic or higher education,
and; (d) nutrition. Definitions of these variables,
corresponding questions and linked SDG goals are
indicated in table 1.
These well-being indicators measure the attain-
ment of minimum requirements for the fulfillment
of basic needs. Nutrition and clean water are satisfiers
of a basic human need for physical health. Access to
modern cooking fuels is important due to the adverse
effects of traditional and transitional fuels on health.
We consider that a household fulfills basic education
if not only the household head, which in the major-
ity of the cases is male, but also his spouse has nine
or more years of education. This is to account for
gender equality and the importance of women’s edu-
cation for children’s heath (Hobcraft 1993, Adhikari
and Sawangdee 2011, Carlson et al 2015).
2.4. Non-monetary consumption
Calculating household energy footprints for devel-
oping countries poses a challenge because house-
holds often self-provide food, and only partially rely
on the market for cooking fuels (see supplement-
ary materials). For Nepal, we used physical units to
3
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Figure 2. Energy footprint dictionary: direct, indirect, modern, transitional and traditional fuels categorization. Icons made by
Freepik from www.flaticon.com.
calculate an average price per kilogram of collected
firewood and charcoal. For self-produced biogas, we
adjusted expenditure using LPG spend. For Zam-
bia, we created an ‘expenditure equivalent’ based on
income, the number of meals per day consumed, loc-
ation (district level), and type of cooking device to
calculate per capita spend on collected firewood and
produced charcoal (see supplementary materials).
2.5. Statistical analysis
We report direct and indirect energy footprints in
GJ cap−1 yr−1. The final household demand in GTAP
represents the whole population, hence the energy
footprints are also weighted and representative. We
group household energy footprints using income
deciles, which are calculated using household yearly
income based on the Organisation for Economic
Co-operation andDevelopment (OECD) equivalence
scale, which assumes different weighting for adults
and children. Individual weights available in house-
hold surveys are used to reflect the whole popula-
tion. We excluded outlier households with expendit-
ures on items higher than nine standard deviations.
This resulted in excluding 4.8%, 5%, and 1.4% of the
population in Nepal, Vietnam, and Zambia, respect-
ively. These outliers are spread throughout all income
groups.
2.6. Inequalities
We used Gini coefficients, which employ the fre-
quency distribution of e.g. levels of expenditure or
income in the whole population to account for
inequalities (Steinberger et al 2010).
We explored the association between household
socio-economic characteristics and well-being out-
comes with logistic regression analysis. Importantly,
we move modern fuels from the dependent variable
related to achieving basic well-being outcomes to the
side with independent variables. This enables a clear
division between energy-related independent vari-
ables and non-energy well-being outcomes, which
helps avoid the endogeneity problem and makes the
interpretation of results easier. To reduce the num-
ber of variables, we conducted factor analysis, which
results in the reduction of the original seven vari-
ables into three factors linked to collective provision-
ing context and protection (table 2). All results of the
logistic regressions are reported using odds ratios for
simplicity. The odds ratios express the ratio of the
probability that the household will have all well-being
outcomes met to the probability that the household
will not have these outcomes met given the achieve-
ment of the independent variable.
2.7. Limitations
The data provided by the IEA does not cover all sec-
tors in developing regions. In the IEA data, eight
out of 23 final energy consumption sectors do not
have any values for Nepal, 11 in Zambia, and 12 in
Vietnam. This may lead to lower estimates of energy
footprints of certain products such as food. A way
to resolve this is to use additional energy-intensity
estimates. Rao proposed energy intensities for main
cereals in India, which could be applied also for Nepal
(Rao et al 2019b). However, due to cultural and tech-
nological differences in food production in the coun-
tries we examine and to be able to compare energy
footprints we chose not to use additional data, and
acknowledge a possible underestimation of energy
use for specific products.
Secondly, the lack of monetary value for cooking
fuels and the use of averages to estimate them may
have resulted in under- or overestimated footprints
of residential fuels for some households in Nepal and
Zambia.
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Table 1.Well-being outcomes used for the analysis: definitions, corresponding survey questions, and related SDGs.









SDG15 ‘life on land’
Based on the definition of modern fuels (see
figure 2 ). Household meets the outcome if
using 50% or more modern fuels.
Access to clean water






According to the United Nations water report
(World Health Organization and UN-Water
2012), improved drinking water supply sup-
plies include sources that, by the nature of
their construction or through active interven-
tion, are protected from outside contamina-
tion, particularly fecal matter. These include
piped water in a dwelling, plot or yard, and
other improved sources, including public
taps or standpipes, tube-wells or boreholes,
protected dug wells, protected springs, and
rainwater collection.
Nepal: Where does your
drinking water come from?
Vietnam: Which is the
main drinking water sup-
ply of your household?
Zambia: How far is this
source of water from this
house? What is the main










Household head and his/her spouse have
9 years or more of schooling. Nine years are in
the majority of countries’ lower limit of what
is considered a basic education and it is in line
with SD4 ‘Education’ (UNESCO 2015).
Nutrition in the





Nepal: an adequate amount of food
(adequate if answered It was just (or more
than) adequate for your family’s needs).
Nepal: Concerning your
family’s food consumption
over the past month, which
of the following is true?
Vietnam: insufficient if it meets one of three
criteria: household used food aid, stated to
have an insufficient amount of food and
foodstuff, or stated to have an insufficient




benefit from the Food aid?
Has the consumption of food
and foodstuff by your house-
hold been sufficient to meet
needs over the last 30 days?
Zambia: adequate food if a household has
three or more meals per day.
Zambia: How many meals
excluding snacks do you
normally have in a day?
Thirdly, we chose only four variables to repres-
ent well-being outcomes, because, with each addi-
tional outcome, the sample of households fulfilling
all outcomes decreases, leading to samples too small
for meaningful statistical analysis. Household surveys
used in the analysis also consist of different sets of
questions, which limits the number of common vari-
ables in comparative analysis.
Fourthly, incomes can be under- or over-
reported. For example, Vietnamese dataset does not
report whether the incomes are before or after-tax,
whereas the majority of Nepalese households repor-
ted net income and the Zambian survey asked for
gross income.
Some consumption categories were also covered
in more or less detail. Public transportation is an
example: Nepal provided detailed information about
mileage, time use, vehicle type, and type of travel
whereas Vietnam and Zambia only offered a distinc-
tion between public and private transportation.
3. Results
3.1. Total energy footprints
Energy footprints in Nepal, Vietnam, and Zambia
are less than half of the global average in per capita
terms (figure 3, International Energy Agency 2011).
The composition of footprints indicates ‘housing’
and ‘transport’ are major users of energy in all
three countries (figure 3). They mostly involve dir-
ect energy use of residential and vehicle fuels. The
indirect energy embedded in rents, house mainten-
ance, public transport, and car maintenance con-
tributes only about 1%–2% of ‘housing’ energy
footprint. But about 20% of Vietnam’s and Zam-
bia’s and over half of Nepalese footprint for ‘trans-
port’ was indirect. Indirect energy thus consti-
tutes a minor portion of overall footprints, around
one seventh in Nepal and Zambia, but in Viet-
nam, it is a significant portion of one-third of the
total energy footprint (EF).
5
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Figure 3. Total energy footprints in Nepal, Vietnam, and Zambia by consumption categories (GJ cap−1 yr−1).
3.2. Energy footprints by income deciles
When comparing household energy use by income
deciles (figure 4(a)), Vietnam and Nepal have com-
parable consumption for the lower half of the popu-
lation, between 14 and 17GJ cap−1, while in Zambia,
the EF of the first five decile is closer to 10GJ cap−1,
only 40% of the EF of the highest decile. In Nepal,
energy use is about the same for most income groups,
although the type of energy use varies. Whilst ‘hous-
ing’ EF decreases by more than one-third between
the first and the last decile, an eightfold increase of
transport EF occurs. The ‘transport’ EF is promin-
ent only in Vietnam, where it constitutes 40% of the
total EF of the top income decile. Lower income levels
and affordability and undeveloped road networks in
Nepal and Zambia contribute to their lower vehicle
fuel consumption.
3.3. Indirect energy footprints
Indirect energy footprints (dark gray bars in
figure 4(b)) of the poorest half of the Vietnamese
population increase by a mean 0.6 GJ cap−1 whereas
in Nepal and Zambia the rise is more modest of
0.05 GJ cap−1 and 0.1 GJ cap−1, respectively.
In Zambia, indirect energy use starts to increase
in the higher income half of the population. In Nepal,
it stays at the level of about 2.5 GJ for the first 80%
of the population, sharply increasing only for the top
two deciles (figure 4(b)).
Without access to different provisioning sys-
tems, the energy levels stay stable regardless of
economic improvements. Prior studies show that
energy use on leisure and luxury items is gen-
erally highly elastic (Oswald et al 2020). Yet, in
Nepal the bottom half of the households use sim-
ilar levels of energy on communication, recre-
ation, culture, and clothing in the absence of
alternatives.
3.4. Direct energy footprints—residential fuels
Further analysis of the direct EF of residential fuels
indicates that in Zambia and Nepal only high-income
households afford modern fuels (figure 5). In Viet-
nam, there is a rapid transition to modern fuel use
in higher income deciles (figure 5). In Nepal, res-
idential fuel use decreases by almost one-third in
higher income deciles due to increased LPG usage
(figure 5). This highlights the importance of access to
and affordability of modern, efficient fuels in redu-
cing household energy footprints. Indeed, the use-
ful energy, or energy services, which higher income
households enjoy, can be expected to be larger than
those of poorer households. The point here is that
high quality energy services, depending on mod-
ern fuels and efficient appliance, can very often be
delivered at a fraction of the final energy of traditional
and inefficient fuels.
Zambia offers an example of what can happen
with limited access to modern fuels: more affluent
households replace firewood with charcoal (figure 5).
Both energy sources are inefficient and cause indoor
air pollution, but only charcoal is consumed by
higher income households. The income level of about
1000$ cap−1 is associated with only about 10%
7
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Figure 4. Household energy footprints by income deciles for Nepal, Vietnam, and Zambia for (a) 12 consumption groups. The
y-axis represents average income per capita using the equalized OECD scale. (b) Total direct and indirect energy use.
Figure 5. Per capita energy footprints by income deciles categorized by residential fuels in Nepal, Vietnam and Zambia.
modern fuel share in Nepal and Zambia, while in
Vietnam it is roughly 15%. Only the two top deciles
of Vietnamese households have a 50% modern fuel
share in their energy portfolio. InNepal,modern fuels
only account for 25%, and in Zambia 33%, of the top
defile’s energy portfolio. The lack of access to modern
and efficient fuels and particularly electricity clearly
leads to even the most well-off households relying on
traditional cooking fuels.
The results highlight that in developing coun-
tries fuel transition follows the energy stacking beha-
vior. Households accumulate energy options when
their income increases or access and affordability
eases. Households are adopting modern, more effi-
cient fuels but continue to use traditional fuels due
to cultural and economic reasons, and to handle
the stresses and shocks that affect income, access or
affordability of energy.
8
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3.5. Inequalities
Modern energy use is highly unequal in all countries
(figure 6). In Nepal and Zambia, the top decile are
responsible for over two-thirds of the modern fuels
EF. In Zambia, 70% of the population does not use
modern fuels at all. In Vietnam, the top decile uses six
times more modern fuels per capita than the bottom
three deciles and twice the national average.
Income has a larger inequality than total EF—but
modern fuels are even more unequally distributed.
The top decile in Nepal and Zambia earns almost half
of the income whereas in Vietnam it is just one-third.
The top decile uses a third of the energy in Nepal and
Zambia and a fourth in Vietnam. These results sug-
gest that the inequalities relate to the types of energy
used, rather than just to amounts of energy used.
3.6. Energy profiles and well-being outcomes
We now turn to the link between the household
energy profiles and the achievement of well-being
outcomes. Rao and Min (2017), Millward-Hopkins
et al (2020) have recently specified the physical
requirements for decent standards of living (DSL),
identifying household and collective characteristics
needed to live in a healthy and safe environment.
We examine what percentage of the population in
each country attain the basic well-being outcomes of
interest to us and how many achieve additional char-
acteristics for DSL (table 2). InNepal and Zambia, the
absoluteminimum requirements of having basic edu-
cation, sufficient food, safe water and modern fuels
are achieved by just around 5%–6% of the popula-
tion. This decreases to below 2% in both countries
when considering wider DSL outcomes. In Vietnam,
around 30% attain the basic well-being outcomes and
around 18% attain both basic and the DSL outcomes.
Themajority of the Vietnamese have access to electri-
city, safe water, and food. However, the minority uses
modern fuels and refrigerates their food.
The overall energy footprints of the house-
holds who achieved basic well-being outcomes vary
between 11 and 19 GJ cap−1. This is 60%–80% lower
than the global per capita average EF in 2011 (52 GJ)
(figure 7).
We find that the Nepalese households achieving
basic well-being outcomes use similar levels of energy
compared to those estimated by Rao, Min, and Mas-
trucci for India (Rao et al 2019a). In Vietnam this
is closer to Brazil, and Zambia compares to South
Africa.1 These studies (see figure 7) serve only the con-
text for our results, as we recognize that there are sub-
stantial geographical, technical, infrastructural differ-
ences between them and our study.
The composition of the footprints differs from
the observed national averages (figure 8(a)). Housing
1Although, these energy footprints could differ due to the discrep-
ancies linked to IEA data, especially about food energy intensities
in Nepal.
EF decreases for households that attain the four basic
well-being outcomes in the three countries, while
transport EF and categories linked to indirect energy
increased in all countries.
3.7. Energy, well-being and income
When we distinguish the households with achieved
basic well-being outcomes by their income level,
we obtain three important results (figure 8(a)).
Firstly, the lower income households (25th quart-
ile) achieve their well-being outcomes with 30%–
60% lower total EF and 60%–80% lower residen-
tial fuels energy use than the national average in
each country. Secondly, although the ‘transport’ EF
increases across income deciles, this is compensated
by decreasing ‘housing’ EF. Finally, basic well-being
outcomes can be achieved with strikingly low energy
levels. But depending on physical and societal struc-
tures and created dependencies for need-satisfaction,
an increase in income opens possibilities for further
energy consumption linked to transportation, recre-
ation, and culture. This is evident when considering
indirect energy footprints.
Further analysis reveals that switching from
energy-intensive firewood and charcoal to mod-
ern fuels explains why we observe decreased energy
use (figure 8(b)). Nepal exhibits the most dra-
matic change—householdswithwell-being outcomes
use only a fraction of residential energy. For the
25th quartile, Vietnam and Nepal have the same
level of residential fuel use. However, whereas in
Nepal households mostly use gas, in Vietnam it
is electricity. The Vietnamese households achieving
basic well-being outcomes use less than one-third
of the national average on residential fuel energy
use (figure 8(b)). These results strongly suggest that
basic well-being outcomes can be achieved with lower
than average energy use per household in developing
countries.
3.8. Logistic regression—factors that increase
chances for well-being
In the end, we address the association between socio-
economic characteristics and well-being by using
logistic regressions (table 3). As noted in section 2, to
avoid the endogeneity problem, we include modern
fuels togetherwith independent variables. Thismeans
the dependent variable ‘achieved’ includes having safe
water, basic education and sufficient food. The sign
of coefficient and odds ratio relates to the direction
of change. One indicates no effect, positive effects are
greater than one, and negative effects are between zero
and one.
Households that have sufficient food, access to
clean water, and secondary education have three
(Zambia) to five (Vietnam) times higher odds of hav-
ing solid shelter, toilet, and sewage. Increased total
energy use, even though significant, does not con-
tribute to increased odds of achieving well-being
9
Environ. Res. Lett. 16 (2021) 025011 M Baltruszewicz et al
Figure 6. Lorenz curves and Gini coefficients for energy footprints, income and expenditures in (a) Nepal, (b) Vietnam, (c)
Zambia.
Figure 7. Comparison of total energy footprints for households that achieve well-being outcomes (including sufficient food,
secondary education, safe water and more than 50% of modern fuels) in Nepal, Vietnam, and Zambia and reported estimates for
decent living at a regional (Rao et al 2019a) and global level (Goldemberg et al 1985, Grubler et al 2018, Millward-Hopkins et al
2020). Based on Millward-Hopkins et al (2020).
outcomes. How the energy is delivered is more
important than the amount of energy used. Access to
collective provisionings and related devices (sewage,
toilet, electricity, phone, public transport) which are
part of DSLs (Rao et al 2019a) have important effects
in our analysis: households with basic well-being
outcomes tend to have higher odds of having the
other DSLs irrespective of how much more energy
they use.
To understand the role of the country context
in achieving well-being outcomes, we used mar-
gin plots to analyze changes in probabilities of
achieving well-being (sufficient food, safe water, basic
education) depending on low or high levels of (a)
households havingmodern fuels; (b) householdswith
protection; and (c) households with collective provi-
sioning systems2 (figure 9).
2To the contrary of what might be assumed, these factors and the
variables included in them are not directly linked towell-being out-
comes. For example, having indoor flush toilet does not automat-
ically mean that the household has access to safe water, nor having
solid shelter andminimum floor area equals having basic education
(see table S10–12 in the supplementary materials).
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Figure 8. Households with basic well-being outcomes (sufficient food, safe water, basic education, and >50% modern fuels) and
split by income quartiles and national average for (a) total EF, (b) residential fuels EF.
Table 3. Logistic regression models presenting the odds ratio for achieving basic well-being (here omitting the modern fuels variable) in













(2.81) — — — —
F: collective provisioning
Zambia
— — — — 1.448* (2.40)








(4.19) — — 3.988
∗∗∗
(10.11)
Minimum floor area — — — — 1.800
∗∗∗
(4.91)
Electricity access — — — — 1.729
∗∗∗
(3.49)












Share of modern fuels 1.010
∗∗∗
(4.59) 1.002* (2.04) 1.015
∗∗∗
(8.07)
Access to market w/n 5 km — — 1.910
∗∗∗
(6.41) — —





Television — — — — 2.010
∗∗∗
(5.06)










N 5501 — 8816 — 11 465 —
Pseudo R2 0.227 — 0.190 — 0.393 —
Chi2 786.8 — 1380.6 — 1283.8 —






Note: The dependent variable is a product of three binary variables: sufficient food, safe water, and basic education (see table S9). The
dependent variable is coded 1 if all three binary variables equal to 1. Resulting factor analysis (see table S8), following factors are
included (starting from the top of the table): factor: ‘protection’ which includes having solid shelter, sewage, and safe toilet; factor:
‘collective provisioning Nepal’, which refers to access to health canter, public transport and market within 5 km from home; factor:
‘collective provisioning Zambia’, which refers to garbage disposal and access to health centre, public transport and market within 5 km
from home. Reading odds ratio: one indicates no effect, positive effects are greater than one, and negative effects are between zero and
one.
At the national average level of 15 GJ, we
observe significant differences in adjusted probabil-
ities of achieving basic well-being outcomes between
investigated countries (figure 9). In Nepal a high
share of modern fuels increases the probability of
achieving well-being outcomes by 10%. In Zambia
the probability is twice as high, 20% at the level of
15GJ. Zambian householdswith high levels of protec-
tion and collective provisioning are also more likely,
compared to Nepal, to achieve well-being outcomes
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Figure 9. Adjusted predictions for the likelihood of achieved well-being by levels of factors and energy use. Note: low corresponds
to factor level below or equal to 0.6. High corresponds to factor level higher than 0.6. x-axis presents the total energy footprint per
capita in a given country. Probabilities are denoted on the y-axis with zero minimum and one corresponding to the maximum
probability (multiply by 100 to interpret in %s).
Figure 10. Translating provisioning variables and well-being outcomes to SDGs goals and possible synergies.
(13% and 9% respectively at the level of 15 GJ). In
Vietnam, the general starting point of households is
much better than in the other two countries. House-
holds at the level of 15 GJ, which is lower than their
national average energy use, already have a high prob-
ability of achieving basic outcomes—60% for high
levels of protection and 50% when considering mod-
ern fuel usage.
The spread between adjusted probabilities lines
(figure 9) shows how difficult it is to have basic
outcomes met when access to protection, collective
provisioning, and modern fuels are restricted accord-
ing to our modeling. Nepalese households lacking
collective provisioning have almost no real chance of
achieving basic well-being outcomes. At the level of
30 GJ, which corresponds to the 10th income decile,
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the adjusted probability is close to zero. In Zambia,
the flat slope of probabilities linked to low levels of
protection reflects the difficulties of having basic well-
being outcomes without having access to indoor san-
itation and solid shelter. In contrast, households with
high levels of protection are twice as likely to achieve
their basic well-being outcomes.
Overall, we observe that basic well-being out-
comes are dependent on providing energy-efficient
services that contribute directly or indirectly to
improved well-being. This leads to the conclusion
that, rather than overall levels of energy use, the
more important determinants of well-being out-
comes are the ways in which energy is provided
and the energy services that households are able
to obtain from such provision (Brand-Correa and
Steinberger 2017).
4. Discussion and conclusions
We assessed households’ direct and indirect energy
footprints in three developing countries. We focused
on the composition of these footprints, as well as
related inequalities, and links to well-being.We found
that the energy footprints are mainly due to residen-
tial fuel use, resonating with the results of (Oswald
et al 2020) who also found that heat and electri-
city have high energy intensities in developing coun-
tries. Oswald et al (2020) also pointed out that
inequalities in energy consumption are an import-
ant barrier for a just energy transition. We found
that inequalities around modern energy sources mat-
ter more for well-being than inequalities linked to
income.
Our findings suggest that, with increased income,
energy stacking occurs. Households do not, on aver-
age, exceed two-thirds of modern fuels in their res-
idential fuel use. But households who achieved well-
being outcomes had a share of 90% of modern fuels.
We consider that households are not likely to give
up on traditional fuels for modern fuels when they
are subject to reliability, accessibility and affordab-
ility considerations (Pachauri et al 2012, Lam et al
2017). Although often related (Pachauri et al 2004,
Kaygusuz 2011, Sovacool and Drupady 2012, Smith
et al 2013, Lelieveld et al 2015, Mannucci and Fran-
chini 2017, Rao and Pachauri 2017), it is import-
ant to be cautious in assuming that access to mod-
ern fuels alone will resolve issues related to other
types of poverty, or that it will benefit everyone in
the same way. Socio-cultural processes, inequalities
including gender issues can also impede the trans-
ition towards a just and equal decent living (Pachauri
et al 2004, Oparaocha and Dutta 2011, Ryan 2014,
Kumar 2018).
Most importantly, basic well-being outcomes of
adequate food, safe water, secondary education and
modern fuels can be achieved with significantly lower
residential fuel energy use—between 60%–80% lower
than the national averages. We find that the majority
of these successful households have other decent liv-
ing standards (DSL) provided for (table 2). Rao et al
estimate similar levels—between 11 and 19 GJ cap−1
to be needed by 2030 for his DSL scenario while Gru-
bler et al highlight the need for improving energy-
service efficiency as a key to lowering energy demand
in Global South3 (2018).Whereas in the Global North
we need to challenge the consumption-oriented life-
styles and bring sufficiency on agenda, for the Global
South, the achievement of basic well-being outcomes
mean efficiency gains and ensuring access to collect-
ive provisioning and protection that improve housing
conditions, health, education, and communication.
Indeed, our results demonstrate that the achievement
of basic needs does not necessitate an increase in
energy use, but rather (through improving energy
services efficiency) improvements in the provision-
ing systems. This is an important finding, contradict-
ing the narrative that achieving basic well-being out-
comes require increased income or individual (rather
than collective) consumption of energy. Rather than
focusing on how much energy is used, we find more
relevant the question of how and for which energy
services.
The SDGs are the priority list to achieve a better
andmore sustainable life for all. Our analysis includes
only a few outcomes listed in SDGs (figure 10), how-
ever, the majority of the investigated households lack
even these basics. We recognize that achieving these
outcomes will not solve all the other issues linked
to poverty, gender equality, or a safe environment
but we bring attention to the results that indic-
ate that these basic and so desperately needed out-
comes bring possible decreases in the total energy
consumption (through energy-efficiency gains). It is
difficult to predict how future energy consumption
will change once these basic needs are satisfied. With
higher incomes and consumption levels, we observe
increases in energy use linked to private mobility and
indirect energy use. However, these specific categories
are not linked to basic well-being but lifestyle choices
(outside of SDGs). Once the basic well-being out-
comes are available to all and increases in income
and consumption are more apparent, the political
and institutional decisions will be crucial to control
energy demand. Possible increases in the total energy
consumption will depend on created dependencies
for need-satisfaction. The danger of following in the
footsteps Global North nations (including mimick-
ing infrastructural and institutional lock-ins) will be
essential when tackling issues around reductions in
energy demand.
3Grubler et al estimated energy requirements in Global South
needed to meet the 1.5◦ climate targets to be 32% lower. This is
reduction corresponds to global scenario called low energy demand
(LED) and refers to the total energy reduction between 2020 and
2050.
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